Abstract. The different type of blood entities like red blood cells (RBCs), white blood cell (WBCs) and platelets counts is a critical point in routine medical tests. Circulating tumor cells (CTCs) counting and analysing in the blood is indicative of the stage and origin of cancer in particular time. Here we are describing a proposed microfluidic device, used a magnetic means for CTCs separation from a blood or buffer sample. The device characterizations were simulated using COMSOL MULTIPHYSICS software as well as practically validated. Using a known spiked number of CTCs in the sample, the purity and recovery rate were calculated to be 93% and respectively.
Introduction
Particle separations are actual particulate that are not dissolved in the sample but rather than particles are suspended in the sample, these samples would be referred as suspensions. There are a lot of different application of particle sorting and counting in blood analysis and environmental field. In fact one of the big areas in this field now is the ability to capture and sort circulating tumor cells (CTCs) in the blood. It turns out that the CTCs have slightly different properties than normal cells, they are more rigid and less squishy than the normal cells are [1] .
Circulating tumor cells (CTCs) are thought to be cells that have been shed from a primary tumor and have transferred into the circulation system, those cells then have the potential to form a metastatic in the patient so the cells are very dangerous to the patient more so than once in the primary tumour because in most patients the mortality comes from metastatic cancer not from the primary tumour. These cells are really poorly defined as we really feel that we don't have the best definition of what a circulating tumour cell is, in order to capture a heterogeneous set of CTCs. the current definition most people agree is that given by cell search which is the only F.D.A. cleared method for enumerating. And they define a circulating tumor cell as a large nucleated cell, with a positive staining for EpCAM (Epithelial Cell Adhesive Molecules) and cytokeratin 8, 18 or 19 which is the epithelial cells intercellular marker and negative for leukocyte marker staining CD45. These cells are very difficult to study because they're in such low abundance, in one ml of whole blood there may be ten million white blood cells (WBCs) and five billion red blood cells (RBCs) while in a metastatic in a breast cancer patient may have on the order of one hundred circling tumour cells, so they're very difficult to separate them because of their extremely low abundance. We're interested in studying these because they hold such promise of prognostic value to the patient.
There are many researcher have studied the cells deformability and being able to sort different cells types based on those parameters [ [7] . All these techniques of particle and cell counting required methods to capture and sort particles in a liquid for sorting based on different properties. Besides blood analysis, also particle sorting has many applications in environmental and biology fields. Such in water monitoring, as a water sample may contains different types of organisms ranging from single cell organisms and bacteria, separating and counting these different life species will acts as environmental monitoring detector [8] . Cell sorting and focusing techniques are ultimately applied to flow cytometer concepts. A flow cytometer is a method for counting and differentiating cell types. The idea is that cells will flows in a single file through a window where they are detected by a laser beam. The cells suspension sample is combined with two other outsides liquid flows form a parallel streams through the length of the channel, called hydrodynamic techniques or sheath flows [9] .
Basically we're interested in capturing a heterogeneous subset of circulating tumor cells, using a simple magnetic means technology that allows us to isolate a single circulating tumor cells that are appropriate for downstream analysis. We fabricated and test a microfluidic chip with permanent magnets linear array located at a distance from the channel wall to generate the magnetic field required to deflect and alter the magnetic particle and so magnetic particle labelled cell to the specific determined outlet. The collected cells sample has been characterized using flow cytometer and fluorescent microscope to determine the fabricated microdevice ability in cells separation.
Merterial and methods
The microfluidic device is simplify fabricated using PDMS with glass slide followed the standard photolithography process. The basic principle of the operation is relatively straight forward, part of particles could be magnetized and magnetophoresis is basically means a flow in the channel. In the figure .1 (A) below as the flow going from right to left, a magnetic field that's acting on the particles. The magnetic field can cause the particles to migrate at different rates depending on their size and magnetic properties. Here the sample mixture is going through the middle streamline. The sample is coming down the middle part of the channel and the others are just buffers. As continuous free flow electrophoresis, without magnetic field all the particles will just travel straight through the bottom, but with magnetic field different magnetized particles will travel at different speeds upwards depending on their properties. So the different types of particles would end up at different outlets. Firstly, the magnetic field simulation of linear Halbach arrays is carried out by using COMSOL finite element software. The distribution of magnetic flux and the distribution of magnetic field are obtained. From these results, it can be seen that the Halbach array has the characteristics of one side magnetic field and the other side is very small. This feature lays a theoretical foundation for the development of various magnetic devices made up of Halbach arrays. The traditional linear Halbach arrays used her is shown in figure .1 (B) . We used eight 3 mm3cubic permanent magnets, with specific orientation as in figure .1(B) .
To represent what we would see in a patient sample we've done spiking experiments, where we spiked the chosen MCF7 Cells line into whole blood. Then ficoll gradient was performed to obtain a Buffy coat. Lastly we positively labelled the MCF7 Cell in the sample with anti-Epcam antibodies that have a magnet bead attached to it. The sample contained the labelled MCF7 is followed into our microfluidic device through the middle inlet using a syringe pump (Cole-Parmer, Vernon Hills, IL, USA) with a specific flow rate. The schematic graph of the sample preparation is shown in figure . 2 below In order to solve the magnetic field distribution of the Halbach array, we have to solve the Maxwell equation by the basic theory of the electromagnetic field. The partial differential equation and boundary conditions of the magnetic field can be obtained from the Maxwell equation:
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Where µ0 and µr are the vacuum and material relative permeability respectively. H and V is the magnetic and potential field respectively.
Results and discussion
The designed three inlets and outlets microchannel,s width (w) and length (L), used here in this analysis were 200µm and 30 mm in y and x direction respectively. 
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To determine the magnetic field distribution in the configuration above, a 2 D model was constricted and simulated using Finite Element Method (FEM) package COMSOL. The simulation model includes the polydimethylsiloxane (PDMS) channel, the permanent magnets array and the flow media, as shown in Figure. 1. In order to limit the simulation domain, outer circle was used. The array contains eight of 3 mm3cubic shape and 49600 A.m saturation magnetization NdFeB magnet was used. Theses magnets was placed at 2 mm away from the channel wall.
Magnetic field strength in both channel walls (at and ) was computed, so as the magnetic field gradient in y direction throughout the microchannel width has been estimated to be 592.813 A/m.
The resulted magnetic field distribution is shown in figure .3 below . Additionally the magnetic field gradient components X and Y have been calculated at different distance from the array surfaces, particularly, at 1, 2 and 2.250 mm and shown in figure .4 below. The magnetic forces in both X and Y directions, that acting on the beads is given by [10] (3)
Where B =the magnetic field, μ0 = the permeability of the space, x = magnetic susceptibility of the bead and that of the fluid difference and rP = radius of the bead magnetic core.
The magnetic beads acting force components X and Y were solved numerically and given in figure. 5. From there it's obviously that, the Y component of the force is much greater than the X one, with higher negativity, indicates the attractive force strength on the magnetic beads and affects their path with a displacement in y direction along the microchannel width, and end up through the desired exit. Magnetic particle trajectories for time saving, was simulated only in the main channel domain. This domain has the same dimension parameters of the channel (200 um and 30 mm) high and length respectively.
The magnetic particle trajectories under magnetic field effects were simulated numerically as shown in figure . 6. It's clearly shown that, the magnetic beads followed a 15 mm distance inside the microchannel without suffering any displacement, but after this point (tip of the magnets array) they start to deflect from their original path as here the magnetic force is greater than the fluidic drag force. Experimentally, we tested the separation efficiency and specificity using a flow cytomer analysis. 10 2 to 10 5 labelled MCF7 cells in repeated assay were spiked in the prepared blood sample the results are shown below in figure. 7(A,B) . We observed high separation efficiency in MCF7 cell separation from the sample. Around 83 % overall separation efficiency was achieved. Additionally, the collected sample cells were stained for EpCAM, CD45, and DAPI are used to identify MCF-7 from leukocytes and for separated cell purity determination. The purity was almost about 87% as in figure . 7(C).
Conclusion
Here we described the principles and experimental results of microfluidic technologies for cancer cell separation. The microfluidic devices are based on magnetic activated cell sorting. We fabricated and designed a simple lowcost chip for separation of CTCs from buffer /sample solution. We computationally simulated the external static magnetic intensity using modelling software COMSOL Multiphysics 4.3a (COMSOL, Inc.). The designed micro-device with permanent magnets array isolates the CTCs into the lateral -exit of the flow in the micro-channel. The micro-device was shown experimentally to separate around 87% of the spiked CTCs cancer cells (MCF-7). Microfluidic devices with an external permanent magnets array combined with a lab made fluidic control system are very useful for the precise and reliable microfluidic separation of CTCs as an integrated diagnostic instrument. Since the described designed micro-device protocols are quite simple and mass-producible, the microdevice can provide a useful and practical tool for allowing the micro-device to be costiveness producible as clinical tool for cancer diagnosis, prognosis, and personalized medicine.
